The germanide Ce 2 Rh 3 Ge 5 was synthesized from the elements in a bismuth flux, and the structure was refined from single-crystal X-ray diffractometer data: U 2 Co 3 Si 5 type, Ibam, a = 1010.1(2), b = 1210.4(2), c = 599.1(1) pm, wR = 0.0596, 760 structure factors, 31 variables. The rhodium and germanium atoms build up a three-dimensional [Rh 3 Ge 5 ] network (242 -269 pm Rh-Ge; 300 pm Rh-Rh; 266 pm Ge-Ge) in which the cerium atoms fill cavities. Each cerium atom has coordination number 17 by ten germanium (302 -331 pm) and seven rhodium (320 -355 pm) neighbors. The crystal-chemical relation of the Ce 2 Rh 3 Ge 5 (≡ CeRh 1.5 Ge 2.5 ) structure with that of CeRh 2 Ge 2 (ThCr 2 Si 2 type) is discussed.
Introduction
Single crystals of intermetallic compounds can be grown in different dimensions. Usually the Czochralski or Bridgman techniques are used for crystals in mm or even cm size for orientation-dependent physical property measurements. Such experiments are expensive, material-and time-consuming and mostly conducted only for selected compounds with interesting physical properties.
For explorative synthesis and the growth of small crystals (µm to mm scale) for structure determination, flux-assisted synthesis is an effective tool. Besides eutectic salt fluxes [1, 2] , also a variety of low-melting metal fluxes has been utilized [3, 4] . The broad applicability of metal fluxes for different classes of intermetallics has recently been summarized in a special issue of Philosophical Magazine B devoted to the growth of novel materials [5 -11] .
Crystals of metal germanides were often grown from aluminum and gallium fluxes; however, in many cases aluminum and gallium act as a reactive flux, and one observes substantial incorporation into the structure. Several examples are summarized in [4] . Indium on the other hand seems to be a good candidate for a non-reactive flux, as recently shown for the synthesis of DyNiGe 2 [12] , Eu 2 AuGe 3 [13] and Yb 5 Ni 4 Ge 10 [14] crystals. Good results have also been obtained with bismuth fluxes for the phosphides RERh 6 P 4 (RE = Sc, Yb, Lu) [15] , and this has been applied to the germanide CeRh 6 Ge 4 [16] . In continuation of the bismuth flux crystal growth experiments of germanides we have now obtained well-shaped crystals of Ce 2 Rh 3 Ge 5 with U 2 Co 3 Si 5 -type structure. So far Ce 2 Rh 3 Ge 5 has only been characterized by its lattice parameters based on powder X-ray data [17 -21] . The flux growth conditions and single-crystal diffraction data are reported herein.
Experimental

Synthesis
The Ce 2 Rh 3 Ge 5 sample was synthesized from the elements in a bismuth flux, similar to CeRh 6 Ge 4 [16] . Starting materials were sublimed cerium pieces (Johnson Matthey), rhodium powder (Heraeus), germanium pieces (Chempur), and elongated bismuth shots (ABCR), all with stated purities better than 99.9 %. The elements were weighed in the atomic ratio Ce : Rh : Ge : Bi of 2 : 1 : 2 : 25 and sealed in an evacuated silica ampoule. The latter was placed in a muffle furnace, heated to 1320 K within 2 h, kept at that temperature for 1 h, then cooled to 570 K at a rate of 8 K/h and finally to 530 K at a rate of 2 K/h. The furnace was then switched off and the ampoule cooled to room temperature by radiative heat loss. The excess flux was dissolved in a 1 : 1 molar mixture of H 2 O 2 (ACROS, 35 %) and glacial acetic acid (VWR International) at 373 K. The resulting crystals were washed with deionized water. Ce 2 Rh 3 Ge 5 is stable in air over months.
X-Ray diffraction
Parts of the crystalline Ce 2 Rh 3 Ge 5 sample were ground to a fine powder in an agate mortar and characterized by a Guinier powder pattern (Guinier camera, Fuji-film image plate system, BAS-1800 read-out system) using Cu K α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The orthorhombic lattice parameters (Table 1 were obtained from a least-squares refinement of the powder data. Correct indexing was ensured through an intensity calculation [22] .
Well-shaped single crystals of Ce 2 Rh 3 Ge 5 (a selected platelet is shown in Fig. 1 ) were selected from the flux-grown sample and glued to thin quartz fibers. Their quality was checked by Laue photographs on a Buerger camera (white Mo radiation). Intensity data were collected at room temperature by use of a Stoe Stadi Vari diffractometer equipped with a Mo micro focus source and a Pilatus detection system and scaled subsequently according to the Gaussian-shaped profile of the X-ray source. A numerical absorption correction was applied to the data set. All relevant details concerning the data collection and evaluation are listed in Table 2 .
EDX data
Semiquantitative EDX analyses of the single crystal studied on the diffractometer were carried out in variable pressure mode with a Zeiss EVO ® MA10 scanning electron microscope with CeO 2 , Rh, and Ge as standards. The experimentally observed average composition was close to the ideal one. No impurity elements (especially no residual bismuth from the flux) were detected.
Results and Discussion
Structure refinement
The isotypy of Ce 2 Rh 3 Ge 5 with the orthorhombic U 2 Co 3 Si 5 type [23] was already evident from the Guinier powder pattern. Careful examination of the data set revealed a body-centered orthorhombic lattice, and the systematic extinctions were compatible with space group Ibam. The atomic parameters of the crystal-chemically closely related phase [24] were taken as starting values, and the structure was refined with anisotropic displacement parameters for all atoms with SHELXL-97 (full-matrix least-squares on F 2 o ) [25, 26] . In a separate refinement of the occupancy parameters no deviation from the ideal composition was observed. A final difference Fourier synthesis showed no significant residual peaks. The refined atomic positions, the displacement parameters and the interatomic distances are given in Tables 3 -5.
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 EggensteinLeopoldshafen, Germany (fax: +49-7247-808-666; E-mail: crysdata@fiz-karlsruhe.de, http://www.fizkarlsruhe.de/request for deposited data.html) on quoting the deposition number CSD-425650. 153 (4) 140 (3) 160 (3) 2 (3) 0 Rh2 155 (5) 158 (5) 119 (4) 0 0 Ge1 156 (5) 149 (5) 134 (4) 10 (4) 0 Ge2 163 (6) 166 (5) 126 (4) 0 10(4) Ge3 168 (8) 165 (6) 124 (5) 0 0 
Crystal chemistry
Well-shaped platelet-like single crystals of Ce 2 Rh 3 Ge 5 were obtained from a bismuth flux, and the Ce 2 Rh 3 Ge 5 structure was refined from single-crystal diffraction data. Ce 2 Rh 3 Ge 5 crystals have two crystallographically independent rhodium and three such germanium sites. The unit cell and the germanium substructure are presented in Fig. 2 . The Ge3 atoms have no nearest germanium neighbors and can, to a first approximation, be considered as Ge 4− germanide anions. The Ge1 and Ge2 atoms build up infinite -Ge1-Ge2-Ge1-Ge2-zig-zag chains with 266 pm Ge1-Ge2 distance, slightly longer than the Ge-Ge distance of 245 pm in the element [27] . If we compare these zig-zag chains with those in CrB-type PrGe (264 pm) [28] and SrGe (262 pm) [29] or EuIrGe 2 (257 pm) [30] , one can ascribe to it single bond character and a formal charge of Ge 2− (chalcogen electron configuration).
Together, the rhodium and germanium atoms build up a complex three-dimensional [Rh 3 Ge 5 ] polyanionic network (Fig. 3) with Rh-Ge distances ranging from 242 to 269 pm, in good agreement with the sum of the covalent radii [31] of 247 pm. Comparable ranges have been observed in CeRhGe (251 -261 pm) [32] , CeRh 2 Ge 2 (246 pm) and CeRh 6 Ge 4 (247 -255 pm) [16] . The stability of all these polyanions is mainly goverened by strong covalent Rh-Ge bonding. The slightly larger germanium content in Ce 2 Rh 3 Ge 5 leads to additional Ge-Ge bonds (vide ultra). The shortest Rh-Rh distance of 300 pm is much longer than in fcc rhodium (269 pm) [27] , and one can only ascribe weakly bonding character to these contacts. The cerium atoms are coordinated by 10 Ge + 7 Rh atoms (Fig. 3) . The large cavity around the cerium atoms reminds of the structure of tetragonal CeRh 2 Ge 2 [16] . Both structures derive from the aristotype BaAl 4 [33] . In CeRh 2 Ge 2 , the cerium coordination is much more symmetric. The cerium atoms have site symmetry 4/mmm and coordination number 18 by ten germanium and eight rhodium atoms. In going to Ce 2 Rh 3 Ge 5 (≡ CeRh 1.5 Ge 2.5 ) the rhodium-togermanium ratio changes, leading to significant distortions in the cerium coordination, and the cerium site symmetry is reduced to ..m. A major difference between the cerium coordination in CeRh 2 
